Background: Osteoporosis can make bone repair difficult. Low-level laser therapy
| Animals
Fifty-four Wistar rats (mean weight of 300 g) from the Central Campus of the USP of Ribeirão Preto vivarium were used in this study. The animals were maintained in polyethylene boxes, with three rats per box, a daily temperature range of 23-24°C and a 12-hours light/dark cycle. All animals received food and water ad libitum.
| Ethical approval
All procedures performed involving the animals were in accordance with the ethical standards of the institution at which the studies were conducted (Ethics Committee for Animal Experimentation of the University of São Paulo, permit number 11.1.639.53.5). All applicable international, national, and/or institutional guidelines for the care and use of animals were followed.
| Ovariectomy surgery
The animals were weighed and anesthetized by an intramuscular in- The success of the ovariectomy was evaluated by analyzing the estrous cycle 2 weeks after the surgical procedure 12 and the atrophy of uterine horns observed following the euthanasia of the animals. 
| Laser application
The following treatments were applied to the groups, as described in Table 1 .
For each session the animals were sedated in accordance with the previously described protocol. Equipment calibration was performed before the sessions. The animals received laser treatment from the day after the last surgery until sacrifice at 48-hour 
| Histological processing
After fixation (4% formaldehyde for 24 hours) and decalcification (0.5 M EDTA + TRIS for 30 days), the fragments were dehydrated by gradual exposure to ethanol (70% for 2 hours and 90% for 2 hours), then infiltrated by 95% alcohol and historesin for 3 hours, and finally embedded in pure historesin for over 3 hours. Isotropic uniformly-random (IUR) 2.5 μm sections (using a Leica RM 2255 microtome, Germany) were obtained using the isector method 14 and sampled using the Smooth Fractionator principle. 15 Ten slides per animal were obtained, representing the whole area of bone defect.
Sections were subsequently stained with hematoxylin and eosin.
Digital images were obtained with a DFC 310 FX camera (Leica, Wetzlar, Germany) coupled with a DM 4000B light microscope (Leica).
| Design-based stereology
The following quantities were estimated: osteocyte numerical density (Nv ost ), total osteocyte number (N ost ), trabecular surface density (Sv t ), and trabecular surface area (Sa t ). To calculate N ost and Sa t parameters the values of V tr (total volume of repaired tissue) formerly evaluated by our research group were used. 9 In order to estimate the osteocyte numerical density, the twoway physical disector method was employed, 16 using the following formula:
where ∑Q‾ is the total number of osteocyte nuclei sampled using dissectors, a(f) is the area of each frame used to sample osteocytes nuclei, and h is the disector height.
The total number of osteocytes (N ost ) was then obtained using the following formula:
where Nv ost is the osteocyte numerical density and V tr the total volume of the repaired tissue.
To estimate the trabecular surface area (Sa t ) it was necessary to estimate the trabecular surface density (Sv t ) first by employing the following formula:
where ∑I is the total number of intersections with the trabeculae, ℓ the length of the test-line and ∑Pe the total number of test-points hitting the repaired tissue.
To estimate the trabecular surface area (Sa t ), the following formula was used:
where Sv t is the trabecular surface density and V tr is the total volume of the repaired tissue.
For the estimations conducted here, ie, total volume of the repaired tissue and trabecular surface area, no correction for global shrinkage was applied since inter-group differences were not statistically significant.
| Statistical analysis
The quantitative data were analyzed using spss version 21.0 for Windows (SPSS Inc., Chicago, IL, USA). ANOVA followed by Tukey's post hoc test was used for data processing. A difference of P < 0.05 was considered statistically significant.
| RE SULTS
All animals were in diestrus phase, with a predominance of leucocytes in vaginal fluid observed under a light microscope, and thin and atrophic uterine horns.
The histological images show that the groups that received LLLT at 20 and 30 J/cm 2 for three sessions presented new bone formation at the periphery of the defect, but a greater amount of newly formed bone was evident in the group receiving 20 J/cm 2 . On the other hand, in the control group receiving 0 J/cm 2 for three sessions, Tables 2-4 show the estimated stereological parameters for the groups receiving, respectively, three, six, and 12 LLLT sessions. In the groups that received three LLLT sessions (G1, G2, and G3), it was observed that for the parameters N ost , Sv t , and Sa t , group G2 (20 J/ cm 2 ) presented significantly higher values compared to G1 (0 J/cm 2 ; P < 0.05).
In the groups that received six LLLT sessions (G4, G5, and G6), it was observed that G5 (20 J/cm 2 ) presented significantly higher values for parameters Sv t and Sa t , compared to G4 (0 J/cm 2 ; P < 0.05).
On the other hand, G6 (30 J/cm 2 ) presented significantly higher values for almost all the analyzed parameters (Nv ost , N ost , Sv t , and Sa t ) compared to G1 (0 J/cm 2 ; P < 0.05).
Considering the results obtained in the groups that received 12 sessions of LLLT (G7, G8, and G9), G8 (20 J/cm 2 ) showed a higher value than G7 (0 J/cm 2 ) only for parameter Sa t (P < 0.05). Comparing G9 (30 J/cm 2 ) and G7 (0 J/cm 2 ), G9 showed significantly higher values for parameters Nv ost , N ost , Sv t , and Sa t (P < 0.05).
| D ISCUSS I ON
Using design-based stereological methods, the present study esti- TA B L E 2 Means and SDs for osteocyte numerical density (Nv ost ), total osteocyte number (N ost ), trabecular surface density (Sv t ), and trabecular surface area (Sa t ) in groups with three sessions: G1 (0 J/cm 2 ), G2 (20 J/cm 2 ), and G3 (30 J/cm 2 )
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Nv ost (μm (cyclo-oxygenase-2). An increase in Cox-2 might contribute to an early recruitment of preosteoblasts and osteoblasts, leading to the presence of organized tissue and early deposition of neoformed bone. 5, 20 Supporting these results, laser treatment might promote the expression of the osteogenic markers Runx2, Bmp-9, and Rankl, since higher expression of Runx2 and Rankl has been found in diabetic rats after laser therapy. 21 Thus, it is possible that rats subjected to an experimental model of osteoporosis may present higher expression of these markers, culminating in a greater osteoblastic differentiation, reflected in higher osteocyte numbers and increased trabecular surface area. These results are also in agreement with findings by Ré Poppi et al. 22 Despite the fact that these authors used different wavelengths (660 and 880 nm) from those used in this study, they also observed higher densities of osteoblasts, fibroblasts, and immature osteocytes in the femur area of ovariectomized rats after 14 days compared to non-irradiated animals.
Another explanation for the increased number of osteocytes observed in this study might be that LLLT is able to regulate the Wnt pathway. Zhang et al 23 showed that LLLT promotes the entry of β-catenin into the nucleus, and activates the osteogenic effect of the Wnt pathway to promote bone formation and inhibit bone resorption by osteoclasts.
In this study, the group that received laser treatment for 12 sessions at an energy density of 20 J/cm 2 showed only an increased trabecular surface area compared to the non-irradiated group. The samples from the animals receiving LLLT at an energy density of 30 J/cm 2 presented the highest stereological parameters, reflected in a higher total number of osteocytes and greater trabecular surface area, in agreement with the results of Ré Poppi et al. 22 The literature shows that estrogen plays an important role in the control of osteocyte apoptosis and its maintenance. Estrogen deficiency may compromise osteocyte viability, reducing bone capacity to respond adequately to applied forces, 24 since mechanical behavior might be affected by cell density. 25 Therefore, an energy density of 30 J/cm 2 applied for six and 12 sessions would promote an increase in osteocyte differentiation, which in turn would also promote better bone function, allowing a better response of this tissue when forces are applied.
The increase in the number of osteocytes following LLLT at an energy density of 30 J/cm 2 for six and 12 sessions might have produced an increase in secretion of sclerostin. Sclerostin is a protein intimately associated with the regulation of mineralization, callous ossification, and bone remodeling, suggesting it plays a critical role in bone consolidation after bone injury. 26 The results obtained in this study lead to the conclusion that LLLT stimulates bone neoformation, as shown by increased trabecular surface area and the total number of osteocytes, especially when utilizing a laser energy density of 30 J/cm 2 for six and 12 sessions. The data might influence application of this therapy and bring clinical benefits when treatment designed to improve bone neoformation is needed.
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